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1ABSTRACT
Previous studies have documented elevated concentrations of cadmium, copper, lead, zinc
and other elements in soils and sediments in and around Lake DePue, Illinois, due to past zinc 
smelting operations.  Concentrations of cadmium, zinc, and other selected elements in the blood,
kidney, liver, and pancreas were determined for 29 raccoons collected during 1999-2000, at Lake
DePue, Illinois, and reference sites in Bureau (Donnelley Fish and Wildlife Area [FWA]) and
Champaign (University of Illinois [UI] Farms) Counties.  In addition to the collection of tissues
for the determination of analyte concentrations, post-mortem examinations were conducted,
portions of kidney, liver, and pancreas were preserved for histopathological examination, and
blood was collected for clinical pathology.  The objectives were to (1) compare concentrations of
selected elements, with emphasis on cadmium and zinc, in tissues of raccoons collected at Lake
DePue with those of raccoons from reference sites and previously reported values for raccoons
from Illinois, (2) examine the health of raccoons from Lake DePue relative to specimens from
reference sites, and (3) examine the potential risks to other species of special concern (i.e. mink
and otter), based upon concentrations of contaminants in raccoon tissues and reported
effects/tissue levels in these species.
Raccoons from Lake DePue and Donnelley FWA had higher concentrations of cadmium and
mercury in their tissues than those collected at UI Farms.  These sites are located along a stretch
of the Illinois River ranked eighth in priority among 336 Illinois water quality limited
watersheds, due in part to “moderate” contamination with metals.  Thus increased exposure to
these metals may be the background condition for raccoons occupying this portion of the Illinois
River.  Raccoons from Lake DePue had greater exposure to selenium and zinc, and possibly
cadmium and mercury, than did raccoons from both reference sites.  Analyte concentrations for
some tissue-element combinations exceeded the published concentrations in other mammalian
species.  However, these critical concentrations were deemed too low for raccoons, a species
considered relatively resistant to the effects of contaminants, based on the lack of demonstrable
health affects attributable to exposure to metals and other toxic elements.   
Although changes were observed in hematology, serum biochemistry, and tissue structure,
the lack of a consistent pattern among sites and concomitant changes in other characters often
associated with metal insult (e.g. packed cell volume [PCV], hemoglobin, hemosiderosis, renal
tubule damage)  suggests that these changes were not related to heavy metal exposure. 
Additionally, the magnitude of observed changes in blood parameters, while statistically
significant, were not considered clinically important.  Although several histological tissue
changes were noted, the changes observed were not cause-specific, could result from other
insults (especially infectious), and were not consistent with collection site.  Therefore, based on
the parameters and individuals we examined, exposure to metals and other elements at the tissue
concentrations we observed is not negatively impacting the health of raccoons.
Estimated concentrations of elements in tissues of mink/river otter, based on concentrations
observed in raccoons from Lake DePue and inter-specific comparisons in other studies,
suggested that these species were not at risk ofheavy metal intoxication at Lake DePue.
However, the importance of the calculated cadmium and zinc values for mink and river otter are
not known. Raccoons, and ostensibly mink and river otters, utilizing Lake DePue environs do
not appear to be at risk from the exposure to the elevated concentrations ofbarium, cadmium,
copper, lead, mercury, selenium, and zinc present at this site.
Previous studies have suggested that raccoons have greater accumulation of lead than mink.
Assuming that concentrations of lead in the livers ofmink are lower than in raccoons, lead levels
in mink inhabiting the Lake DePue environs are expected to be lower than those observed in this
species from other contaminated environments. Based on the concentrations ofmercury we
observed in raccoons in this study, and the relationship between mercury levels in raccoons and
mink/river otters in previous studies, it does not appear that mink and river otters using Lake
DePue would be at risk ofmercury poisoning. The estimated liver selenium concentrations for
mink and river otter were lower than in most other studies. The estimated concentrations of zinc
in the livers ofmink and river otters were higher than previously reported for these species.
However, the importance of these tissue concentrations is not known.
INTRODUCTION
A primary zinc smelter operated in the town of DePue, Illinois, from the early 1900's until
1971. Subsequently, Zn dust was produced at the plant from 1981 until its permanent closure in
1989. These operations resulted in the deposition of heavy metals into Lake DePue, a backwater
lake located along the upper Illinois River (Fig. 1). Cadmium and zinc concentrations ranged as
high as 116 and 5,000 ppm, respectively in lake sediments (Gibb and Cartwright, 1982; Cahill
and Steele, 1986). Concentrations ofmetals, particularly cadmium (~ 910 ppm), zinc (~ 204,000
ppm), lead (Pb, ~ 3,440 ppm), and copper (Cu, ~ 97,700 ppm) were greatly elevated in
sediments from a ditch leading from the industrial site to the lake (IEPA, 1998a).
Sediments dredged from the lake in 1982 to create a basin for power-boat racing were
deposited into a leveed retention basin located adjacent to the lake (Fig. 1). Cadmium, zinc, and
to a lesser degree, barium and lead concentrations were elevated in a soil core taken from within
the leveed area compared to a core collected adjacent to it (IL Waste Management and Research
Center, unpublished data). Subsequently, Cahill et al. (1995) analyzed 28 soil cores collected
from within the impoundment, and two from the adjacent floodplain. The researchers reported
that zinc and cadmium concentrations inside the leveed area were higher than, and lead and
copper concentrations were similar to, those in the adjacent floodplain as well as in the lake
itself. Cadmium and zinc concentrations in the upper soil intervals within the impoundment
were as high as 173 and 11,500 ppm, respectively. Cadmium, copper, lead, and zinc
concentrations were higher than background levels reported for Illinois soils (IEPA, 1998a).
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Figure 1. Map showing location of Lake DePue relative to the town of DePue,
industrial complex, dredge-spoil containment impoundment, and nearby reference
site. General capture locations are indicated.
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Medium-sized mammals which are closely associated with aquatic/wetland habitats may be
effective indicators of contamination of these environments. Concentrations of contaminants
such as mercury in tissues of such species are related to the quantity of fish and other aquatic-
animal foods in the diet (Sheffy and St. Amant, 1982). While species such as the nver otter and
mink are at risk of exposure to and accumulation ofxenobiotics, their sensitivity to
contaminants, low population densities, elusive nature, and other considerations (e.g. protected
status of otter in Illinois) make them unsuitable as biomonitors.
The raccoon, on the other hand, is a ubiquitous, abundant, easily-trapped, wetland-associated
mammal. This species feeds on a variety of foods, including fish, turtles, frogs, crayfish,
gastropods, and other aquatic and terrestrial invertebrates (Hoffmeister, 1989), which may
bioconcentrate or bioaccumulate contaminants. These food habits, along with the raccoon's
tendency to forage in shallow water and along muddy shorelines, may expose this species to a
variety ofxenobiotics.Raccoons may accumulate pollutants above environmental background
levels (Herbert and Peterle, 1990), thus it has been suggested that this species may be an
effective biomonitor of environmental contamination (Bigler et aI., 1975; Cumbie, 1975; Herbert
and Peterle, 1990). Although raccoons are thought to be resistant to the impact of contaminants
(Sanderson and Thomas, 1961; Diters and Nielsen, 1978; Herbert and Peterle, 1990), relatively
little is known about the effects ofxenobiotics on the health of this species.
Given the potential effectiveness of raccoons as biomonitors, coupled with elevated levels of
metals in Lake DePue and its environs, it is appropriate to examine whether exposure to
contaminants is occurring and, if so, whether increased exposure may be impacting their health.
Specifically, the objectives were to (1) examine concentrations of selected elements, with
emphasis on cadmium and zinc, in tissues of raccoons collected at Lake DePue, and compare
these levels with those of raccoons from reference sites, and those reported previously for
raccoons from Illinois, (2) examine the health of raccoons from Lake DePue and reference sites
to determine whether xenobiotics may be negatively impacting individual health and, (3)
examine the potential risks to other species of special concern (i.e. mink and otter), based upon
concentrations of contaminants in raccoon tissues and reported effects/tissue levels in these
speCIes.
METHODS
Twenty-eight raccoons (17males:llfemales) were captured during 17 May to 25 August,
1999 using live (box-type) traps; one additional female raccoon was captured at a reference sit~
on 1 March, 2000. Raccoons were captured at 3 locations: around livestock facilities and
outbuildings at the University of Illinois at Urbana-Champaign, Illinois (UI Farms; n== 10),
located 161 kIn southeast of Lake DePue; Donnelley State Fish and Wildlife Area (Donnelley
FWA; n== 8), located 3 kIn southwest ofLake DePue in Putnam County (Fig. 1); and Lake
DePue, in Bureau County, Illinois (Fig. 1; n== 11). Although the Donnelley and DePue sites were
in relatively close proximity, the Illinois River likely restricts movements between these areas
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(G. Hubert, IL Dept. Nat. Res., personal communication). The likelihood of a raccoon crossing
the river from Donnelley FWA and being captured along the Lake DePue shoreline was
considered highly unlikely (S. Gehrt, Max McGraw Wildlife Foundation, personal
communication). Due to the large home ranges and daily movements of raccoons, all raccoons
collected at each site was treated as one sample. Although raccoons were collected at several
locations around Lake DePue, the home ranges of these raccoons were assumed to have included
areas (e.g., lakeshore, town/industrial complex, impoundment) having elevated environmental
concentrations of heavy metals.
Traps were baited with sardines; a composite sardine sample contained < 0.1 mg/kg Ba,
0.024 mg/kg Cd, 0.83 mg/kg Cu, < 0.02 mg/kg Pb, 0.55 mg/kg Se, and 15 mg/kg Zn. Traps
were checked at dawn, and those containing animals were moved to a cool, shady environment
until processing that morning. Raccoons were encouraged to enter a wire handling cone after
which they were anesthetized using a 3.0 mg/kg ketamine/O.l mg/kg Medetomidine
combination. Raccoons were weighed while in the handling cone; after induction and removal
from the cone, raccoons were examined externally for parasites, injuries, and other noteworthy
conditions. The teeth were examined for wear, and a determination of relative age was made
based on a combination ofbody size, reproductive condition, and tooth wear. Smaller females
whose teeth were sharp with little or no tarnish and had unbroken incisors, and whose vulva were
not swollen were classed as yearlings (~ 12-16 months of age). Smaller males with similar
dentition and whose penis was not readily extrudible were classed as yearlings. Other animals
were classified as adults; 17 adults and 12 yearlings were examined.
Animals were bled by cardiac puncture to obtain blood for clinical pathology and
determination of contaminant concentrations. A portion of the whole blood was transferred to a
sterile, non-treated (red-top) 5-mL Vaccutainer tube and set aside one hour for clotting prior to
centrifugation. Serum was harvested with a pipette and transferred to a 1-mL polypropylene
microcentrifuge tube and frozen at -10° C until determination of serum chemistries at the Clinical
Pathology Laboratory, Veterinary Diagnostic Laboratory, University of Illinois College of
Veterinary Medicine (CPLIUICVM), within one week of collection. Serum constituents were
determined using a Hitachi 911 Automated Chemistry Analyzer (Roche Diagnostics,
Indianapolis, Indiana, USA). Serum chemistries included alanine aminotranferase, amylase,
aspartate aminotransferase, gamma glutamyltransferase activities, calcium, chloride, creatinine,
glucose, phosphorus, sodium, total protein, urea nitrogen concentration, and sodium:potassium
ratios.
Additional portions ofwhole blood were transferred to 2-mL EDTA-treated (purple-top)
Vaccutainer tubes. One tube from each raccoon was refrigerated from 1 to 3 days until
determination of hematological parameters at CPLIUICVM. Hematology determinations were
conducted using a Cell-Dyn 3500 automated hematology system (Abbott Laboratories, Abbott
Park, IL) equipped with the Veterinary Software Package. Expanding the software to include
blood from raccoons was conducted utilizing the protocol as described in the 1997 Cell-dyn 3500
Veterinary guide, section 2-11 "Setting up a new species". Hematology parameters included
PCV, hemoglobin and mean corpuscular hemoglobin concentration, mean corpuscular
hemoglobin content, mean corpuscular volume, platelet count, red blood cell count, and white
5
blood cell (WBC) count and cell differentials. Since errors can occur in automated differential
counts with samples delayed in shipment, manual differential WBC (leukocyte) counts were
done for all samples. The procedure entails identifying and counting a total of 100 WBCs. The
absolute number of each WBC is then calculated as per microliter ofblood.
An additional 4-5 mL ofblood was transferred to a 7-mL lithium-heparin treated (green-top)
Vaccutainer tube and frozen until preparation for determination of concentrations of elements of
concern using inductively coupled plasma-mass spectrometry (ICP-MS). After blood collection
raccoons were euthanized via cardiac injection of sodium pentobarbital. One lactating female
was released after reversal of anesthesia using atipamezole at a ratio of 4: 1
atipamezole:medetomidine. Condition of organs and fat stores were noted during post-mortem
examinations. Liver, left kidney and adrenal, and pancreas were weighed, and the presence and
number of embryos or placental scars was recorded. Approximately 6 mm-thick sections of
liver, kidneys, and pancreas were fixed in 10% neutral buffered formalin prior to embedding,
staining, and sectioning for histopathological examination by the second author. Four Jlm, H&E-
stained sections ofpancreas, liver, and kidney from each raccoon were examined for
histopathological changes. Initially, examinations were completed without knowledge of
treatment (location); subsequently tissue sections were reviewed by treatment.
Specimens were uniquely labeled using indelible markers, and necropsy data was entered in
pen. Necropsy instruments and the work area used during necropsy were cleaned with Liqui-
Nox® Critical-Cleaning Liquid Detergent, followed by tap and deionized water rinses between
specimens. Neither Ba, Cd, Cu, Pb, Se, or Zn were detected in rinse blanks (n= 2) collected after
decontamination of the stainless-steel scissors and scalpel blades used for necropsies; rinse
blanks were not analyzed for Hg. The Method Detection Limit for rinse blanks was 0.2 jhg/L for
Cu, Se, and Zn, 0.02 jhg/L for Cd and Pb, and 0.002 jhg/L for Hg. Clean powder-free gloves, and
sterile blood tubes, needles, and Whirl-pacs were used to handle/collect specimens. Chain-of-
custody forms accompanied specimens through final disposition. Data entered into electronic
files were double-checked for entry errors.
An Animal Care Protocol (#99058) for this project was approved by the University of
Illinois' Laboratory Animal Care Advisory Committee.
Normality of data was assessed using the Kolmogorov-Smirnov statistic and visual
examination of frequency distributions, and equality of variances was evaluated using Levene's
test. An index ofbody condition, e.g. body weight adjusted for skeletal size, was calculated as
body weight (g) / body length (mm); body condition was 10gIO transformed. Liver, kidney,
pancreas, and adrenal gland weights were expressed as proportions of total body weight; these
"somatic indices" allow for comparison of organ mass without the confounding effects of
individual variation in body mass. PCV was arcsin (sqrt) transformed prior to statistical analysis,
as were neutrophils and lymphocytes from the WBC count. Alanine aminotransferase, aspartate
aminotransferase, calcium, gamma glutamyltransferase, mean corpuscular hemoglobin
concentration, platelets, and white blood cells were loglo transformed prior to statistical analysis.
Concentrations of cadmium, copper, and lead in kidneys, cadmium, lead, mercury, and selenium
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in liver, and barium, copper, lead, and mercury in blood were loglo transformed prior to analysis.
We compared hematology and serum biochemistry parameters and tissue analytes by gender and
age prior to comparisons among sites. Gender- or age-related differences in parameters are
discussed in results; tissue analyte concentrations did not differ by age (P= 0.15 to 0.92).
Group means were compared using ANOVA and Tukey's post hoc test or Student's t-test as
appropriate. Statistical procedures were available through SPSS (SPSS Inc., 1998). In
comparing the results ofprevious studies with ours, we cited units as originally provided by
those authors, e.g. ppm, mg/kg, or j.ig/g. Tissue concentrations were on a wet weight basis unless
indicated; in some instances we converted our data to dry weight for comparison, based on a
wet/dry weight ratio of 2.28 for liver and 2.97 for kidney (J. Levengood, unpublished data).
Raccoon tissue samples were inventoried upon receipt at the Illinois State Water Survey and
stored frozen at -100 C. The freezer temperature was documented daily. The samples were
allowed to thaw to room temperature before preparations for elemental analysis. Samples were
labeled by tissue type and a number; the site exposures and collection histories of the raccoons
were not identified to the analysts.
Liver, kidney, pancreas, and blood samples were digested with hydrogen peroxide (H20 2) and
strong acids for subsequent measurements of metals using ICP-MS. Since wet weight
concentrations of the organs were desired, these samples were not dried prior to digestion.
Sample weights of approximately 1.0 g were used for digestions. A representative portion of the
sample was weighed to 0.1 mg using an electronic top loading balance directly into a tared 50
mL conical tipped polypropylene centrifuge tube. The tubes were precleaned using a 24 hour
10% nitric acid (RN03) soak followed by a deionized water rinse. The samples and tubes were
tared, 1.00 mL ofhydrogen peroxide (H20 2) added, and the weights recorded. Approximately 30
mL of an acid and internal standards solution were then added to the sample after taring. The
acid concentrations were 2% RN03 and 10% hydrochloric acid (HCI). The internal standards
were beryllium (Be) and yttrium (Y) at concentrations that were targeted at 2.00 mg/L and
100j.ig/L, respectively.
The samples were then homogenized into a slurry using a saw-toothed generator
manufactured with titanium and TFE-fluorocarbon by Pro Scientific, Monroe, CT. The internal
standard solution was used to rinse excess material from the generator and the amount of solution
was accounted for in the total weight. Sample preparations were completed using a SpectroPrep
System automated microwave digestion system manufactured by CEM Corporation (Matthews,
NC, USA). A 10 mL sample loop was used. After heating, cooling, and filtering, about 9.0 mL
of the sample were collected and deposited by autosampler into 15 mL polypropylene test tubes.
This digestate was then used for ICP-MS analysis without further treatment. High purity acids
and hydrogen peroxide (Fisher Optima brands and Baker Ultrex) were used for all digestions and
standard solutions.
Analyses of raccoon tissues for various elements were conducted at the Illinois Waste
Management and Research Center using ICP-MS (Perkin/Elmer Elan 5000, Norwalk, CT) with
scandium, rhodium, and thorium used as internal standards. Blood and liver mercury
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concentrations were determined by cold vapor atomic fluorescence (Millennium Merlin, PS
Analytical, Kent, England). Quality control samples included digested duplicates and matrix
spikes, laboratory, field, and reagent blanks, and certified reference materials (bovine liver
SRM1577b, and dogfish muscle DORM-2).
RESULTS
Quality Control
The Bovine Liver SRM yielded excellent recoveries for all elements except selenium, which
was biased high (+22%) (Appendix A). Dogfish muscle CRM yielded good accuracy for zinc
and cadmium, but was biased high for copper (+32%), lead (+20%), selenium (+29%), and
mercury (+10%). Matrix spikes consistently recovered well (100 +/- 20%) for all analytes except
mercury, which recovered high for most samples (121 % to 164%), and selenium, which
recovered high for two kidney samples (137% and 140%). Analytical spikes also recovered well
for most analytes; selenium and mercury recovered high (121 % to 124%) for some samples
(Appendix A). Analytical and digested duplicates indicated good precision (0% to 20% RPD)
for liver, kidney, and pancreas samples. Reproducibility was poor (26% to 122% RPD) for
copper, lead, barium, selenium, and mercury for one or both digested duplicate pairs ofblood
samples.
Physical Condition and Organ Weights
Physical condition, and relative liver and kidney weights in raccoons did not differ by gender
or age (P= 0.08 to 0.78) thus these classes were combined in subsequent analyses. Relative
pancreas and adrenal gland weights did not differ by age class (P= 0.65 and 0.67). However,
both differed by gender (P= 0.02), thus sexes were considered separately. Average physical
condition indices differed among sites (Table 1). The mean condition index in raccoons from
Donnelley FWA was greater than that of specimens collected from the other two sites, which did
not differ. Mean relative liver weight also differed among sites, representing a smaller
proportion ofbody weight in raccoons from Donnelley FWA than in those from Lake DePue
(Table 1). Mean relative kidney weight differed among sites, representing a smaller proportion
ofbody weight in raccoons from Donnelley FWA than the other sites.
Due to small sample sizes, relative pancreas and adrenal weights were compared statistically
only in males from Lake DePue and Donnelley FWA. The pancreas accounted for a smaller
proportion ofbody weight in male raccoons from Donnelley FWA than those from Lake DePue
(Table 1); the mean relative pancreas weight in male raccoons from VI Farms was similar to that
of animals from Lake DePue. Relative pancreas weights were similar in female raccoons from
the three sites (Table 1). The adrenal gland accounted for a similar proportion of total body
weight in male raccoons from the three sites (Table 1). Mean relative adrenal gland weights
were slightly larger in female raccoons from VI Farms than Lake DePue.
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Table 1. Condition (body weight{g}/body length {mm}) and relative organ weights (proportion body weight) in raccoons collected
17 May - 2S August 1999* at Lake DePue, Illinois and two reference sites. For condition, liver, and kidney, means within a row having
like superscripts were not significantly different (P>O.OS) lJy Tukey HSD test.
Site
Lake.DePue Donnelley FWA UI Fanns
Character n p** x SE mIn·-max n x SE mIn-max n x SE mIn-max
Condition 11 <0.001 10.Sa 0.5 7.9-13.6 8 13.8 0.4 11.3-14.7 10 9.Sa 0.5 7.7-12.6
Liver 10 0.006 3.8a 0.4 2.1-6.2 8 2.Sb 0.1 2.0-3.2 10 3.2a,b 0.2 2.3-4.4
Kidney 10 0.001 0.3Sa 0.02 0.27-0.43 8 0.26 0.01 0.19-0.30 10 0.3Sa 0.01 0.23-0.42
Pancreas
\0 Males 6 0.008 0.28 0.02 0.20-0.33 7 0.21 0.01 0.16-0.24 4 0.31 0.04 0.23-0.38
Females 4 0.34 0.03 0.26-0.41 1 0.36 - 6 0.32 0.03 0.20-0.43
Adrenal
Males 6 0.47 0.017 0.003 0.012-0.022 7 0.010 0.007 0.007-0.019 4 0.016 0.003 0.012-0.022
Females 4 0.013 0.001 0.011-0.017 1 0.019 - S 0.016 0.002 0.012-0.022
*One specimen collected UI Fanns 3/01/00.
**P values for ANOVA comparing means across sites
Litter Size
Seven of 12 females examined had evidence ofpast or current pregnancy. Based upon
placental scars or presence of early-term embryos, the average litter size in female raccoons from
Lake DePue (5<= 5.0, n= 4) was slightly higher than that of the other sites combined (5<= 4.67, n=
3). The proportion of nulliparous females was lower at Lake DePue (20%) than the other sites
combined (57%). This may have reflected the lower proportion ofyearling females in the former
sample.
Clinical Pathology
Of the 22 parameters with sufficient samples for statistical comparison, five exhibited
significant differences among sites (Table 2). Serum calcium concentrations differed by gender
(P= 0.03); when grouped by gender and site there were too few values for meaningful statistical
analysis. However, mean serum calcium concentrations did not vary appreciably among sites
(Table 2). Serum chloride concentrations varied significantly among sites; raccoons from Lake
DePue had higher mean chloride concentrations than those collected at Donnelley FWA but did
not differ from raccoons from VI Farms.
Mean serum creatinine concentrations differed by age (P= 0.05). When grouped by age and
site there were too few creatinine values for meaningful statistical comparison. Mean serum
creatinine concentrations were similar in adults from Donnelley FWA and VI Farms; no values
were available for Lake DePue specimens. Creatinine concentrations did not vary appreciably
among sites in yearling raccoons. Serum gamma glutamyltransferase activity also differed
among locations (Table 2); raccoons from VI Farms had higher mean gamma
glutamyltransferase activity than those from Lake DePue and Donnelley FWA.
The proportion of leukocytes that were lymphocytes and neutrophils differed among sites.
Raccoons from Lake DePue had higher relative lymphocyte counts and lower mean relative
neutrophil counts than did animals from the other sites. Serum phosphorus concentrations
differed among sites (Table 2). The mean serum phosphorus concentration was lower in
raccoons from Lake DePue than VI Farms.
Histopathology
Pancreatic sections had a few changes. Mild amyloid accumulated in the pancreatic islets of
two raccoons (#27 DePue and #2 VI); the amyloid was confirmed by Congo red staining with
apple green birefringence. Raccoon #2 VI also had a 1 cm hyperplastic nodule (non specific
aging change). Raccoon #6 VI had some autophagic vacuoles and apoptotic acinar cells, most
likely due to anorexia. Five racoons (#13 and 14 DePue, #20 and 21 FWA and #8 VI) had a few
periductular lymphoid nodules; mild ascending bacterial infection could explain the reaction.
Renal sections had some changes of interstitial nephritis and pyelitis in all raccoon groups
(Table 3). Many raccoons had interstitial nephritis; the inflammation was minimal to mild and
mostly lymphocytic. A few raccoons also had some interstitial fibrosis. One raccoon (#1 VI)
had an acute interstitial nephritis (many neutrophils in the reaction). Eight raccoons also had
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Table 2. Hematology and serum biochemistry of raccoons collected 17 May-25 August* 1999 at Lake DePue, Illinois and two reference sites.
Row means with like superscripts were not significantly (P>0.05) different by Tukey HSD test.
Site
Lake DePue Donnelley FWA UI Farms
Parameter p** n x SE mIn-max n x SE mIn-max n x SE mIn-max
Alanine Aminotransferase (U/L) 0.48 10 176 17 102-253 8 150 14 88-215 10 199 32 96-395
Amylase (U/L) 0.17 9 1906 333 1137-3899 8 2795 350 1429-4278 10 2830 430 1527-5975
Aspartate Aminotransferase (U/L) 0.36 10 204 37 103-444 8 246 70 125-719 10 292 28 139-459
Calcium (mg/dL) males 5 8.5 0.1 8.3-8.8 7 7.9 0.2 7.0-8.5 4 7.9 0.2 7.4-8.3
females 5 7.6 0.2 7.3-8.1 1 7.0 - - 6 7.6 0.4 5.7-8.5
Chloride (mEq/L) 0.02 10 114a 1 110-118 8 106b 3 99-115 10 112a,b 2 101-119
Creatinine (mg/dL) adult 0 - - - 4 0.55 0.07 0.4-0.7 7 0.53 0.04 0.4-0.7
immature 2 0.35 0.05 0.3-0.4 3 0.53 0.06 0.05-0.06 3 0.40
Gamma Glutamyltransferase (U/L) <0.01 10 2.9a 0.5 1.0-5.0 8 3.3a 0.4 2.0-6.0 10 5.2 0.6 3.0-8.0
Glucose (mg/dL) 0.47 2 131 19 112-150 8 133 13 83-194 10 153 12 119-248
~
Packed Cell Volume (%) 0.7 10 34 1.0 28-38 8 35 1.5 27-39 10 35~ 1.6 24-42
Hemoglobin (g/dL) 0.71 10 11 0.4 9-12 8 12 0.5 9-13 10 12 0.5 8-14
Lymphocytes (K/f.lL) ~0.01 10 3.0 0.4 0.4-5.1 8 1.7a 0.3 0.5-3.4 10 1.5a 0.2 0.7-2.8
Mean Corpuscular Hemoglobin (pg) 0.29 10 14 0.2 13-15 8 13 0.2 13-14 10 14 0.3 11-15
Mean Corpuscular Hemoglobin (g/dL) 0.61 10 33 0.4 30-35 8 33 0.4 31-34 10 41 0.9 35-45
Mean Corpuscular Volume (fL) 0.37 10 42 0.7 38-46 8 41 0.4 40-42 10 41 1.0 35-45
Neutrophils (K/f.lL) <0.01 10 9.2 1.5 3.7-20.8 8 14.7a 2.4 5.6-25.9 10 14.0a 1.6 6.4-21.0
Phosphorus (mg/dL) <0.01 10 4.5 0.4 2.8-7.5 8 5.6a 0.4 4.3-7.4 10 6.1 a 0.5 75-93
Platelets (kif.lL) 0.15 10 631 41 437-879 8 436 89 36-825 10 755 155 205-1572
Potassium (mEq/L) 0.66 10 4.2 0.1 3.6-4.7 8 4.0 0.2 3.6-4.8 10 4.1 0.2 3.5-5.3
Red Blood Cells (mlf.lL) 0.44 10 8.0 0.3 6.2-8.9 8 8.6 0.4 6.7-9.7 10 8.6 0.5 5.9-11.6
*one raccoon collected VI farms 3/01/00
** P values for ANOYA comparing
inflammation in the pelvic submucosa (pyelitis); the reaction in some included eosinophils. The
renal inflammation is nonspecific; exposure to bacteria from retrograde urine flow would explain
the inflammation. Several raccoons had small aggregates of mineral in collecting ducts; the
mineral is not expected to have caused clinical disease. The pathogenesis of the mineralization is
uncertain but presumably it is dystrophic (local cell injury) and not metastatic (secondary to
hypercalcemia). Similar mineral deposits are common in adult domestic dogs and cats. Several
raccoons (Table 3) had minimal to mild protein in some tubules indicating protein leakage into
the urine. Protein in the filtrate can indicate glomerular disease or be secondary to tubular
damage from interstitial nephritis. Although one raccoon per group had a few sclerotic (fibrotic)
glomeruli, overall glomerular morphologic changes were not obvious.
The liver had several changes affecting most raccoons (Table 4). Although some of the
changes, especially the hepatocellular swelling and vacuolarization and the cholestasis can be
induced by toxins, the changes are not specific for cause and were seen in all groups. The
vacuolar change was multiple small poorly defined vacuoles most consistent with water
(hydropic change) or glycogen although microvesicular fat vacuoles cannot be ruled out. The
mild multifocal inflammatory infiltration in the lobules of some of the raccoons and the portal
tract inflammation and fibrosis in most raccoons (Table 4), is most consistent with mild bacterial
insults from septicemia or ascending enteric bacteria. The portal tracts were infiltrated by mixed
leukocytes with the macrophages and lymphoid cells more numerous than neutrophils; ascending
enteric bacteria are a differential for the Gause.
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Table 3. Histopathology changes in the kidneys.
Raccoon Interstitial Tubular Tubular
Group (#) nephritis! Pyelitis mineral protein2
Lake DePue 11 0 0
12 2 0
13 2 0 +
14 0 nd3 +
15 1 0
16 2 3
17 1 0
26 1 0
27 0 0
Donnelley 18 3 0 +
FWA
19 2 0 +
20 2 0
21 2 nd +
22 2 2 +
23 1 2 +
24 0 0
25 1 0 +
VI Farms 1 2 2 +
2 3 0
3 0 1 +
4 0 0 +
5 2 0 +
6 3 2
7 3 0 + +
8 '3 2 +
9 1 1 + +
28 1 0
1 Degree of inflammation, 1, minimal; 2, mild; 3, moderate.
2 Proteinaceous fluid accumulation in tubules was minimal to mild and multifocal.
3 nd, not determined because the pelvis was not included in the section.
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Table 4. Histopathology changes in the liver.
Lobule Portal tract
Group Raccoon
Vacuolar Hepatocellular Central Lobular
change! cholestasis fibrosis infiltrate2 Infiltrate Fibrosis
Lake DePue 11 2 2 1 1
12 2 2 + 1 2
13 2 + 3 2
14 2 2 + 2 2
15 1 1 1
16 1 + 1 1
17 2 1 1
26 2 2 + 1 1
27 2 2 2 1
Donnelley 18 2 0 1 1
FWA
19 2 2 2 + 1 3
20 1 1 1 3
21 2 0 + 1 2
22 2 1 1 2 2
23 2 2 + 1 1
24 1 2 2 1 1
25 1 1 2 1
VI Farms 1 1 + 1 2
2 2 2 2 + 3
3 1 2 1 + 1
4 1 2 3 1 3
5 1 1 2
6 1 1 + 1
7 1 2 2
8 1 3 1 + 1 3
9 1 1 2
28 3 2 2 1 2
1 Blank, no change; 1, minimal; 2, mild; 3 moderate change. Vacuolar change included hepatocellular swelling.
2 Blank, no change; +, either a few scattered granulomas or lymphoid aggregates adjacent to large ducts.
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Concentrations of Selected Elements in Tissues
Although elevated in the Lake DePue environment, barium was not elevated in the blood of raccoons
from this site (Table 5), and was not detectable in the liver or kidneys of any of the specimens we
examined.
Mean concentrations of cadmium in the kidneys and livers of raccoons differed among sites, and were
greater in the kidneys and liver of raccoons from Lake DePue than those from VI Farms (Table 5). The
average concentrations of cadmium in the liver and kidneys were 24% and 63% higher, respectively, in
raccoons from Lake DePue as compared to those from Donnelley FWA. However, cadmium
concentrations were highly variable and these differences were not statistically significant. Cadmium
was detected in the blood of only two specimens (Table 5).
Concentrations of copper in the blood and kidneys of raccoons differed little among sites (Table.5).
Although the mean concentrations of copper in the liver of raccoons from Lake DePue and Donnelley
FWA were 56% and 33% higher, respectively, than in specimens from VI Farms (Table 5), differences
in liver copper concentrations were not statistically significant.
Liver lead concentration was the only analyte to differ significantly by gender (P= 0.05); the mean
concentration of lead in the liver of female raccoons (1.5 j.,lg/g) was greater than in males (0.67 j.,lg/g).
Concentrations of lead were much higher in the livers of male and female raccoons from VI Farms than
the other sites (Table 5). Examination of means by gender and site suggested that the gender effect we
observed was due to greater exposure of females at VI Farms. Kidney lead concentrations were
significantly greater, on average, in raccoons from Lake DePue and VI Farms, than in those from
Donnelley FWA (Table 5). Blood lead concentrations varied little among sites.
Liver mercury concentrations differed among sites (Table 5). Raccoons from Lake DePue and
Donnelley FWA had significantly greater mean liver mercury concentrations than those from VI Farms.
The mean liver mercury concentration in raccoons from Lake DePue was 60% higher than in animals
from Donnelley FWA; however, this difference was not statistically significant. The mean
concentration of mercury in blood was higher in raccoons from Lake DePue and Donnelley FWA than at
VI Farms.
We detected significant variation among sites in mean liver, kidney, and blood selenium
concentrations (Table 5). Concentrations of selenium in the blood of raccoons from Lake DePue and
Donnelley FWA were greater than in raccoons from VI Farms, while kidney concentrations averaged
greater at Lake DePue than either reference site. Liver selenium concentrations were higher in raccoons
from Lake DePue than in those from VI Farms, however, neither of these sites differed significantly
from Donnelley FWA (Table 5).
Mean, minimum, and maximum blood zinc concentrations were higher in raccoons from Donnelley
FWA than in those from the other sites (Table 5). Mean liver zinc concentrations were higher in
raccoons from Lake DePue, when compared to those collected at Donnelley, but did not differ from VI
Farms. Concentrations of zinc in the kidneys also differed among sites. However, post hoc tests for
kidney zinc concentrations were not significant (P> 0.08); concentrations of zinc in the kidneys of
raccoons from Lake DePue were greater, on average, than in those from the other sites. Mean pancreas
zinc concentrations were higher in raccoons from Lake DePue than in those from Donnelley FWA
(Table 5). No pancreases from raccoons collected at VI Farms were examined.
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Table 5. Tissue metal and selenium concentrations (J.lg/g wet wt except blood mg/dL) in raccoons collected 17 May-25 August 1999 at Lake DePu
two reference sites. Means within a row having like superscripts were not significantly (P>0.05) different by Tukey HSD test.
Site
Lake DePue Donnellev FWA VI Fanns
Tissue Element MDL* p** n x SE mIn-max n x SE mIn-max n x SE mIn-max
Blood Barium 0.1 0.19 11 0.02 0.01 0.01-0.06 8 0.02 0.00 0.01-0.03 9 0.03 0.01 0.01-0.06
Cadmium 0.02 - 1 0.003 1 0.004 nd
Copper 0.2 0.55 11 0.18 0.02 0.11-0.37 8 0.19 0.02 0.14-0.27 9 0.16 0.02 0.10-0.26
Lead 0.02 0.72 11 0.009 0.003 0.002-0.040 8 0.010 0.003 0.003-0.028 9 0.008 0.002 0.001-0.017
Mercury 0.0007 <0.01 11 0.005a <0.000 0.001-0.011 8 0.003a <0.000 0.002-0.006 9 0.001 <0.000 0.001-0.003
Selenium 0.2 <0.01 11 0.10a 0.01 0.05-0.17 8 0.07a 0.01 0.05-0.10 9 0.04 0.01 0.01-0.06
Zinc 0.2 0.01 11 0.49a 0.04 0.33-0.71 8 0.70 0.23 0.49-1.1 9 0.47a 0.02 0.38-0.56
Kidney Barium 0.1 - 10 nd 8 nd 9 nd
Cadmium 0.02 0.03 10 18a 5.5 1.5-64 8 11 ab 3.6 2.7-27 9 4.9b 1.4 0.4-13
...-....
0\ Copper 0.2 0.32 .10 6.0 0.6 3.7-9.6 8 5.1 0.5 3.6-7.0 9 6.0 0.2 5.1-6.9
Lead 0.02 0.001 10 0.69a 0.40 0.15-4.3 8 0.13 0.02 0.07-0.19 9 0.67a 0.16 0.17-1.6
Selenium 0.2 0.01 10 2.9 0.2 2.0-3.7 8 2.3a 0.1 1.9-2.8 9 2.3a 0.10 1.5-2.8
Zinc 0.2 0.05 10 27 2 21-34 8 23 1 17-27 9 22 1 18-30
Liver Barium 0.1 - 10 nd 8 nd 9 nd
Cadmium 0.02 0.02 10 4.8a 1.3 0.5-12 8 3.9ab 1.5 0.8-14 9 1.2b 0.3 0.3-2.6
Copper 0.2 0.32 10 14 2.2 3.0-25 8 12 2 4.0-21 9 9 2 4.0-18
Lead males 0.02 5 0.59 0.09 0.43-0.94 7 0.25 0.03 0.12-0.39 4 1.49 0.03 0.94-2.1
females 0.02 4 0.52 0.07 0.36-0.68 1 0.30 5 2.4 0.59 1.2-4.4
Mercury 0.0007 <0.01 10 1.3a 0.3 0.4-2.5 8 0.8a 0.2 0.30-2.1 9 0.1 0.0 0.1-0.2
Selenium 0.2 0.01 10 2.0a 0.2 1.0-2.9 8 1.4ab 0.1 1.1-2.2 9 1.3b 0.1 0.89-1.6
Zinc 0.2 0.03 10 56a 3.0 47-73 8 45b 3.0 31-55 9 51 ab 2.0 41-62
Pancreas Zinc 0.2 0.04 6 64 4.0 50-77 7 49 5.0 36-66
*Method detection limit; nd= not detectable; No pancreases examined for VI Farms
**p values for ANOVA comparing means across sites
DISCUSSION
Body Condition
Based on ratio ofbody weight to body length and post-mortem examinations, raccoons from
Donnelley FWA, located on the Illinois River floodplain, were in better condition than those from Lake
DePue and VI 'Farms. Raccoons at Lake DePue had a closer association with humans due to proximity
of the town ofDePue, when compared to those from Donnelley FWA. Thus, animals from Lake DePue
likely had greater access to anthropogenic sources of food, e.g. garbage and pet food, as well as den sites
in houses and outbuildings. Population densities at VI Farms seemed particularly high; this could be the
result of the readily available den sites (barns) and concentrated food resources in the form of livestock,
pet food and garbage.
Higher densities of animals and a poorer nutritional plane (i.e. fewer natural foods in diet), due to
close association with humans, and associated higher potential for disease transmission and social stress,
could account for lower condition indices at VI Farms and Lake DePue, as compared to Donnelley
FWA. Adrenal glands may enlarge in response to social stress (Haller et aI., 1999), and larger adrenal
glands in animals from the former sites seem to support this theory. Raccoons from a park area had
poorer dental health, smaller body size, and closer association with humans than raccoons from a
farmland area (Hungerford et aI., 1999), although body condition did not differ between sites in that
study. Exposure to high concentrations of metals may result in anorexia and emaciation in mammals
(Malvisi et aI., 1985; Wentink et aI., 1985; Webb et aI., 1988; Li et aI., 1997; Agnew et aI., 1999).
Although most animals examined were well-fleshed with substantial visceral/subcutaneous fat reserves,
three animals from Lake DePue and one from VI Farms were emaciated. These animals did not have an
obvious pattern of tissue metal concentrations (e.g. greater prevalence ofvalues above the mean) that
differed from the others from their respective sites. Three of these animals were yearlings which may
have been socially-subordinate, and thus had restricted access to resources. Additionally, the three
raccoons from Lake DePue were females with placental scars which were no longer lactating, indicating
they may have only recently completed the rigors of rearing young. The reasons for differences in body
condition between raccoons from Donnelley FWA and Lake DePue/UI Farms could not be determined
from this study, but do not appear to be related to metal toxicosis.
Relative organ weights
Organs may hypertrophy or atrophy in response to toxic insult, depending on the organ affected and
nature of the toxicosis (Evans and Lake, 1998; Greaves, 1998; Institoris et aI., 1999; Levengood et aI.,
1999). Specimens from Donnelley FWA had smaller relative liver, kidney, and pancreas (males)
weights than those from the other sites. Raccoons from Donnelley FWA were in better condition than
those from the other sites, thus, these animals may have had lower relative organ weights due to
accumulation ofbody fat without concomitant increases in organ mass. Relative adrenal gland weights
were higher in males from Lake DePue and VI Farms, as compared to those from Donnelley FWA;
adrenal gland weights expressed as a proportion ofbody weight averaged 19% smaller in females from
Lake DePue than those collected at VI Farms. The weight of the adrenal glands may differ in response
to exposure to contaminants (Khan, 1981; Shaker et aI., 1988; Halbrook et aI., 1993), including
cadmium (Nishiyama and Takata, 1982; Selypes et aI., 1986; Gupta et aI., 1996). However, other
factors, such as social stress, can produce changes in the size of adrenal glands (Haller et aI., 1999).
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Pathology
Serum chloride and phosphorus concentrations, gamma glutamyltransferase activities, and relative
neutrophil and lymphocyte counts differed among sites. Chloride is an important anion involved in the
maintenance of osmotic pressure and regulation ofmuscular action (Thomas, 1997). Raccoons from
Donnelley FWA had a lower mean serum chloride concentration than the other sites, which were similar.
Increased chloride concentrations can result from acidosis due to dehydration, while reduced chloride
concentrations could result from more severe dehydration, renal disease, or impaired liver function
(Thomas, 1997; Meyer and Harvey, 1998). PCVs were not indicative of severe dehydration in raccoons
from Donnelley FWA, and hepatic and renal histology was similar among groups. The minimal
differences in chloride concentrations among groups are probably not clinically important (W.
Hoffmann, VI, College of Veterinary Medicine, personal communication).
Phosphorus is an essential element which, along with calcium, is an antagonist ofmetals. For
example, calcium, particularly in the presence ofphosphorus, reduced the absorption and retention of
zinc (Becker and Hoekstra, 1971). Therefore, it is reasonable to suggest that exposure to heavy metals
could result in a disruption of phosphorus metabolism, although changes in calcium concentrations
would also be expected. In fact, reductions in plasma phosphorus concentrations are usually
accompanied by a reciprocal change in calcium concentrations (Thomas, 1997). However, serum
calcium concentrations in raccoons from Lake DePue were similar to those from the other sites. We
consider it unlikely that exposure to metals would impact serum phosphorus concentrations alone.
Lower phosphorus levels, in conjunction with normal calcium concentrations, could indicate that
reductions in serum phosphorus were nutritionally related (Meyer and Harvey, 1998).
Gamma glutamyltransferase is an enzyme thought to be associated with glutathione metabolism
(Kramer, 1989). Changes in the activity of this enzyme may indicate hepatocellular damage and
disruption of liver function (Fairbrother, 1994). However, the differences in activity of this enzyme we
observed would not be considered clinically important (W. Hoffmann, VI College ofVeterinary
Medicine, personal communication).
Neutrophils are white blood cells involved in fighting infection through the inflammatory process and
phagocytosis. Neutropenia, or a decrease in the number ofneutrophils in circulation, may result from
overwhelming bacterial infections (Voigt, 2000), including septicemia. Suppression ofbone marrow
function due to viral infection or exposure to contaminants may also result in a reduction in the number
ofneutrophils in serum (Meyer and Harvey, 1998; Voigt, 2000). However, we did not observe a
degenerative "left shift" in neutrophils (increased immature/mature cell ratio) or decrease in the number
of lymphocytes which might indicate immunodeficiency. Lymphocytes are the principal cell type
involved in the immune response. Lymphocytosis, or increased number of lymphocytes in circulation,
may result from chronic antigen stimulation (e.g. viral or parasitic infections) or chronic inflammation
(Meyer and Harvey, 1998; Voigt, 2000). The stress of capture and handling can also induce changes in
white blood cell counts, including reductions in circulating lymphocytes and increases in neutrophils
(Meyer and Harvey, 1998; Voigt, 2000). The etiology of changes observed in raccoons from Lake
DePue remains undetermined, but does not appear to be related to contaminant exposure.
Although differences in mean amylase activities were not statistically significant, mean, minimum,
and maximum values were considerably lower in raccoons from Lake DePue. The pancreas is an
important route of zinc excretion, and increased pancreatic zinc concentrations, pancreatic dysfunction
and histopathology are commonly associated with zinc insult. The pancreas is an important source of
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serum amylase (Kramer, 1989). Although amylase activity often increases with pancreatitis and other
pancreatic pathology (Brobst, 1989; Meyer and Harvey, 1998), activities were reduced in cats with
induced acute pancreatitis (Kitchell et aI., 1986). Although amylase activities were lower in raccoons
from Lake DePue, we did not detect important histopathological changes in pancreatic tissue.
PCVs observed in this study were lower than previously reported for raccoons (Clark et aI., 1999;
Hamir et aI., 1999), although ranges overlapped to some degree. Hemoglobin concentrations were
similar to those observed by Clark et aI. (1999) for raccoons in California. Additional published
hematology or biochemistry reference values for raccoons could not be located.
Tissue Metal Concentrations
Raccoons from the two sites located on the Illinois River floodplain (Lake DePue and Donnelley
FWA) had higher concentrations of cadmium and mercury in their tissues than those collected at VI
Farms. This stretch of the Illinois River ranked eighth in priority among 336 Illinois water quality
limited watersheds (IEPA, 1998b), due in part to "moderate" contamination with metals. Donnelley
FWA is located 4 km southwest of Lake DePue, and is situated adjacent to the Illinois River
downstream of the lake. This site is also 3 km north of a coal-fired power plant. Concentrations of
cadmium and mercury were not highly elevated (5<== 3.4 mg/kg Cd, 0.14 mg/kg Hg) in 2 surface soil
samples collected at Donnelley FWA (J. Levengood, unpublished data). However, contamination could
be localized within the site e.g. in wetlands, with transfer occurring through the aquatic food-web.
Our results indicate that whereas increased exposure to some metals may be normal for raccoons
inhabiting the upper Illinois River floodplain, raccoons from Lake DePue had greater exposure to
selenium and zinc, and possibly cadmium and mercury, than raccoons from both reference sites. Lead
concentrations in the kidneys ofLake DePue raccoons were similar to those of animals from VI Farms.
Mammals typically exhibit higher concentrations of lead in kidneys than in liver (Ma, 1996). Increased
liver lead concentrations in raccoons from VI Farms could indicate a recent acute exposure. The source
of increased lead exposure in raccoons from UI Farms is unknown. Elevated liver lead levels in
raccoons from this site could result from greater exposure to atmospheric lead due to the proximity and
downwind location of the farms relative to the cities of Champaign and Urbana. Raccoons at this site
would also have had greater access to bulk fertilizers and manure, both of which may contain trace
metals. Greater concentrations of zinc in the blood, but lower concentrations in the tissues, of raccoons
from Donnelley FWA, could indicate that those animals were experiencing an exposure to elevated zinc
concentrations during the time of capture.
Critical and Observed Concentrations
Cooke and Johnson (1996) suggested a critical kidney cadmium concentration of 100 mg/kg in
mammals, but noted that in some studies kidney pathology was observed at lower renal cadmium
concentrations. Aughey et aI. (1984) found slight changes in kidney structure at renal cadmium
concentrations as low as 6 to 8 jhg/g, and more substantial lesions at 60 jhg/g. Itokawa et aI. (1978)
observed renal dysfunction and microscopic lesions in rats at an average kidney cadmium concentration
of 48 jhg/g. After summarizing the available literature on cadmium in fish and wildlife, Eisler (1985)
concluded that renal or hepatic concentrations greater than 10.0 mg/kg were indicative of cadmium
exposure, and that tissue concentrations of 13.0 to 15.0 mg/kg "probably" posed a hazard to animals at
higher trophic levels; concentrations above 200 mg/kg in the kidney were considered life threatening.
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Mean concentrations of cadmium in renal tissue of raccoons from both floodplain sites were above the
10 mg/kg threshold for increased exposure/accumulation. Kidney cadmium concentrations in six (60%)
individuals from Lake DePue and four (50%) from Donnelley FWA exceeded Eisler's (1985) threshold
of 13.0 mg/kg for detrimental effects; 13.0 Ihg/g was the largest value observed for raccoons from VI
Farms. However, based upon a lack of functional or structural kidney pathology consistent with
treatment or metal-induced injury, we believe these thresholds are too low for raccoons.
Concentrations of cadmium in renal tissue of raccoons from Lake DePue and Donnelley FWA were
considerably higher than reported by Levengood and Hubert (2001) (5<= 1.70 mg/kg; min-max= 0.67 to
4.29 mg/kg) for raccoons collected from agricultural landscapes in five Illinois counties in that study,
even though their detection limits were higher and they did not detect cadmium in over half the animals
examined. Similarly, concentrations of cadmium in liver tissue were much greater in raccoons collected
at our Illinois River sites than reported in that previous study (5<= 0.29 Ihg/g; min-max= 0.035 to 1.01).
In a review of the literature on lead in mammals, Ma (1996) reported baseline blood Pb
concentrations of 4 to 8 Ihg/dL in mammals. Converting to micrograms, 3 raccoons from VI Farms and
Lake DePue, and 2 from Donnelley FWA, exceeded 8J-lg/dL. With the exception of one raccoon from
Lake DePue, blood lead concentrations in our study were below the threshold (35 J-lg/dL) diagnostic for
clinical lead poisoning in mammals suggested by Ma (1996). However, neurobehavioral effects (Cory-
Slechta et aI., 1985; Bellinger et aI., 1987; Rabinowitz et aI., 1992) and reduced development and growth
(Davis and Svendsgaard, 1987) have been demonstrated in young mammals at blood lead concentrations
less than 35 Ihg/dL. This information prompted Ma (1996) to suggest that the critical threshold for lead
in the blood of immature mammals be set at less than 15 J-lg/dL. A total of8 raccoons, including 3 from
ill Farms and 2 each from Lake DePue and Donnelley FWA had blood lead levels between 8 and 35
J-lg/dL. No clinical signs of lead intoxication were noted in experimentally-dosed raccoons having blood
lead concentrations of25 to 80 Ihg/dL, although histopathological changes in renal and hepatic tissue
consistent with lead exposure were observed in 5 of 6 animals (Hamir et aI., 1999). Blood lead
concentrations greater than 25 J-lg/dL are diagnostic of lead poisoning in dogs (Bratten and Kowalczyk,
1989). Blood lead concentrations were greater than 25 Ihg/dL in two raccoons, one each from Lake
DePue (40 Ihg/dL) and Donnelley FWA (28 Ihg/dL). However, we did not observe any clinical
manifestations of lead poisoning in these animals, suggesting that these critical values are too low for
raccoons.
It's been established that this citation is a literature review. Ma (1996) also reported that no effects
were observed for lead concentrations of 5 J-lg/g dry wt in the liver and 10 Ihg/g dry wt in the kidney.
This author concluded that liver and kidney concentrations of 10 Ihg/g dry wt and 25 J-lg/g dry wt,
respectively, were diagnostic of acute lead poisoning. Pain (1995) indicated that background hepatic
lead concentrations were usually less than 10 ppm, and often less than 5 ppm, dry wt. None of the liver
samples from Lake DePue or Donnelley FWA exceeded 5 J-lg/g dry wt. However, lead concentrations in
the livers of 3 raccoons from VI Farms were greater than 5 Ihg/g dry wt by conversion; one of these
specimens exceeded the 10 J-lg/g dry wt threshold for acute lead poisoning. Only one kidney sample,
from a raccoon collected at Lake DePue, had lead levels greater than the minimum effects concentration
of 10 J-lg/g dry wt. Hamir et aI. (1999) noted microscopic anatomical changes in kidney, and to a lesser
extent liver tissue, but no clinical signs of intoxication in dosed raccoons having 19 to 42 ppm lead in
their kidneys and 22 to 27 ppm wet wt lead in their livers. Diters and Nielsen (1978) noted clinical signs
and microscopic anatomical changes in liver and kidney tissue of a raccoon having 35 ppm lead in its
liver. Raccoons with 10 to 15 ppm lead, in their livers had edema of the brain but no other
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histopathological lesions associated with lead intoxication. Sanderson and Thomas (1961) did not
observe obvious signs of intoxication in raccoons having up to 32 ~g/g lead in their livers, although
adrenal gland weights were smaller in raccoons with 10 to 32 ~g/g lead than those with 0 to 9 ~g/g.
These authors did suggest that lead may have been a contributing factor in the illness/deaths of raccoons
found sick or dead in that study. Concentrations of lead in the liver and kidneys of raccoons in our study
did not approach levels associated with pathological effects in these studies.
Concentrations of lead in the liver of raccoons from Lake DePue and Donnelley FWA were lower
than reported previously for Illinois (Sanderson and Thomas, 1961; Levengood and Hubert, 2001).
However, the mean and maximum values we observed in the sample from VI Farms were higher than in
raccoons collected in five Illinois counties during the mid-1980's (x== 1.43~g/g, max.== 3.96 ~g/g;
Levengood and Hubert, 2001); the maximum value in our study was similar to the modal liver lead
concentration in a sample of 101 raccoons collected in Illinois (4 ~g/g; Sanderson and Thomas, 1961).
The concentration of lead in the kidney of two raccoons, one collected at each of Lake DePue and VI
Farms, exceeded the maximum observed previously in raccoons from Illinois (1.35 ~g/g; Levengood
and Hubert, 2001).
After reviewing the available information on mercury in terrestrial mammals, Thompson (1996:351)
concluded that liver or kidney concentrations of 30 mg/kg or greater were "lethal or at least harmful" to
wild mammals. Concentrations of 25 mg/kg or greater were associated with mortality in experimental
studies. Eisler (1987) proposed thresholds of 0.12 mg/dL mercury in blood for protection of mammalian
wildlife. Blood and liver mercury concentrations observed in our study were well below these levels.
Mean hepatic mercury concentrations in raccoons from Lake DePue and Donnelley FWA were
considerably higher than Levengood and Hubert (2001) observed previously for raccoons from Illinois
(0.1 0 ~g/g), while the mean for raccoons from VI farms was identical to this value. Detection limits
were similar in these studies. However, based on the Quality Control results, mercury concentrations in
our study may be biased high by 10% to 30%.
Mean selenium levels in the kidneys of raccoons in this study were higher than those previously
documented for Illinois raccoons (x== 2.14 ~g/g; Levengood and Hubert, 2001). However, detection
limits in their study were considerably higher, suggesting that mean concentrations in that study may
have been inflated by comparison. Also, based upon analysis of quality control samples, we expected
selenium recovery to be high in our samples. The maximum hepatic selenium concentration observed
for Lake DePue raccoons was slightly higher than that observed by Levengood and Hubert (2001) for
Illinois raccoons (2.45 ~g/g). Mean levels could not be compared as the high detection limits for this
element resulted in a low rate of detection in that study. In spite of a positive in selenium recovery,
selenium concentrations in the blood of raccoons in our study were considerably lower than reported for
raccoons from a selenium-contaminated area (0.95 to 9.4 ppm wet wt; Clark et aI., 1989). With the
exception of one individual, all of the raccoons we examined had blood concentrations lower than
raccoons from their reference site (0.17 to 0.60 ~g/g) (Clark et aI., 1989). With one exception, the
concentration of selenium in livers of raccoons in our study (converted to dry wt) fell within the range of
values for raccoons from the reference site in that study (min.- max.== 0.89 to 5.9 ppm dry wt.). The
concentration of selenium in the liver of one raccoon from Lake DePue exceeded this range (6.6 ~g/g
dry wt), but was well below the minimum concentration they observed in animals from the contaminated
area (12 ppm dry wt). Clark et aI. (1989) failed to detect important health impacts of selenium
concentrations of up to 31 ppm dry wt.
21
Raccoons from Donnelley FWA had higher blood zinc concentrations than the other sites, although
they had lower kidney, liver, and pancreas zinc concentrations than those collected at Lake DePue. This
suggests that raccoons at that site were more recently exposed to elevated zinc concentrations in their
environment. Raccoons from Lake DePue had greater kidney, liver, and pancreas levels than animals
from the reference sites. However, given the essential and ubiquitous nature of zinc, a 10 or 20 percent
difference in tissue zinc concentrations does not seem excessive. The mean zinc concentration in renal
tissue of raccoons from Lake DePue was similar to that reported for a sample of 31 raccoons collected in
Illinois (26.1J-lg/g; Levengood and Hubert, 2001), although the mean liver concentration in that study
(34.9J-lg/g) was lower than the mean for each of our sites.
Liver and kidney zinc concentrations we observed were considerably lower than in a zinc-intoxicated
dog (liver 369 ppm wet wt, kidney 296 ppm wet wt; Breitschwerdt et aI., 1986). Concentrations ofzinc
in the liver of healthy dogs (18 to 32 ppm wet wt) were lower than observed in raccoons in our study.
Straube et aI. (1980) did not observe pathological effects in orally-dosed ferrets (presumably Mustela
putorius) having mean liver and kidney zinc concentrations of 148 and 383 J-lg/g dry wt, respectively.
Zinc concentrations in the livers and kidneys, respectively, of zinc-intoxicated ferrets in that study
averaged 859 and 1005 J-lg/g dry wt. These values compare to average concentrations (converted) of 128
J-lg/g dry wt in the liver and 80 J-lg/g dry wt in the kidney of raccoons in our study.
Potential Risks to Sensitive Species
In the discussion below we relate levels of selected metals we observed in raccoons to those reported
for healthy mink and river otters, two species considered to be sensitive to environmental contaminants
(Wren, 1991). We recognize that such comparisons necessitate assumptions regarding patterns of
exposure to contaminants, diets, bioavailability, and relative susceptibility to the effects of contaminants.
We also acknowledge the paucity of studies examining the subclinical effects ofmetals at
environmentally-realistic concentrations in free-ranging wildlife. However, allowing such assumptions,
we feel that such comparisons are of value in making inferences about relative risks to other furbearer
species of concern inhabiting the Lake DePue area.
Wren (1984) reported that kidney cadmium concentration in raccoons were 9 times higher than in
river otters. Using this correction factor, the average concentration of cadmium in the kidneys of river
otters using Lake DePue would be 2.0 jvlg/g, which is greater than in apparently healthy mink from
Illinois (Halbrook et aI., 1996), and mink and river otters from contaminated drainages (Blus et aI.,
1987; Blus and Henny, 1990; Harding et aI., 1998). Levengood and Hubert (2001) observed that mean
and maximum concentrations of cadmium in the kidneys of raccoons from Illinois were 5 times higher
than Halbrook et aI., (1996) reported in mink collected in the same drainages. Adjusting the values we
observed for raccoons from Lake DePue by a factor of 5, the estimated mean (3.68 J-lg/g wet wt) and
maximum (12.8 J-lg/g wet wt) kidney cadmium concentrations were the highest found for mink in the
literature we reviewed. We were not able to locate literature relating levels and effects of cadmium in
mink or river otters, thus we could not draw inferences regarding the importance of our estimated tissue
concentrations for these sensitive species.
Levengood and Hubert (2001) observed a higher detection rate at a higher detection limit, and a
greater maximum liver lead concentration in raccoons (3.96 J-lg/g) than was reported for mink (1.00
J-lg/g; Halbrook et aI., 1996) from Illinois, suggesting that raccoons have a higher exposure to and/or
accumulation of lead. Lead concentrations detected in livers of raccoons in our study, particularly for
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our floodplain sites, were lower than in a population of mink considered at risk from the effects of lead
exposure (Blus and Henny, 1990). Mean values for raccoons from Lake DePue and VI Fanns
(converted to dry wt) were higher than observed for mink and river otters from rivers receiving elevated
concentrations of metals (Harding et aI., 1998). The mean (geometric) for Lake DePue was lower, and
VI Fanns was higher, than in livers ofmink from a highly contaminated portion of the Coeur d'Alene
River in Idaho (Blus et aI., 1987). Thus, assuming that concentrations of lead in the livers of mink are
lower than in raccoons, lead levels in mink inhabiting the Lake DePue environs are expected to be lower
than observed in this species from other contaminated environments. Published infonnation relating the
levels and effects of lead in mink or river otters could not be located.
In spite of potential positive bias in mercury concentrations, hepatic mercury concentrations in
raccoons from Lake DePue were lower than in mink (3.16 mg/kg wet wt), which were apparently not
affected by the oral administration of mercuric chloride (Aulerich et aI., 1974). In another study, no
clinical signs or lesions were observed in mink having up to 7.8 ppm wet wt mercury in their livers
(Wobeser et aI., 1976). Sheffy and S1. Amant (1982) found mean mercury concentrations were similar
in mink and raccoons from a watershed having elevated environmental mercury levels. The levels we
observed were well below those associated with mercury intoxication in mink (Wren, 1986; Wren et aI.,
1995; Thompson, 1996). Assuming a similar relationship between tissue concentrations in raccoons and
mink from Lake DePue, it does not appear that mink using this area are at risk of mercury intoxication.
Concentration of mercury in raccoon livers were similar to or lower than healthy river otters reported
in other studies (1.3 to 9.1 jhg/g wet wt; Wren, 1985). Sheffy and S1. Amant (1982) reported mercury
concentrations in the liver of river otters were 66% greater than in raccoons from the same watershed. In
contrast, Wren (1984) observed kidney mercury concentrations were 50% greater in raccoons than river
otters. Assuming a worst case scenario (i.e. concentrations higher in otters and observed mercury
concentrations are accurate, and not biased high) and a similar relationship between raccoons and river
otters as observed by Sheffy and S1. Amant (1982), river otters using Lake DePue would have an
average hepatic total mercury concentration of 2.16 mg/kg wet wt. This is well below concentrations
associated with mercury intoxication in river otters (Wren, 1986; Wren et aI., 1995; Thompson, 1996).
Thus, it does not appear that river otters using this area would be at risk ofmercury intoxication.
Wren (1984) noted that selenium concentrations in the livers of river otters were 25% lower than in
raccoons. Assuming a similar relationship existed between otters and raccoons using our study area,
river otters from Lake DePue would have had a mean hepatic selenium concentration of 1.5 jhg/g. In
spite of a potential positive bias in selenium concentrations, this value is lower than the average levels
observed for river otters and mink in other studies (Wren, 1984; Harding et aI., 1998). This
concentration is also less than observed in river otters from an uncontaminated watershed in Ontario
(Wren, 1984), and lower than in river otters, but higher than mink, collected from rivers receiving
variable inputs of metals and other elements (Harding et aI., 1998).
Levengood and Hubert (2001) noted that liver zinc concentrations in raccoons from Illinois were 1.5
times higher than Halbrook e1. aI., (1996) reported in mink collected in the same drainages, as well as in
river otters from Illinois. The concentrations they observed were similar to those documented in these
species previously (Wren, 1984). Adjusting observed tissue concentrations by a factor of 1.5 for both
species ofmustelid resulted in a mean estimated liver zinc concentration of 84 jhg/g for Lake DePue.
This is considerably greater than previously reported for river otters (Wren, 1984; Halbrook et aI., 1996;
Harding, 1998) and mink (Blus et aI., 1987; Halbrook et aI., 1996; Harding, 1998).
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Although excess dietary zinc is known to cause immunosuppression and a variety of other clinical
effects in the offspring of treated female mink (Bleavins et aI., 1983), published information relating the
levels and effects of zinc in mink or river otters was not located. The estimated concentrations of zinc in
livers of mink or river otters were well below those associated with loss ofbody weight, kidney
pathology, anemia, and other clinical signs in zinc-dosed ferrets (480 to 1470 fhg/g dry wt; Straube et aI.,
1980); no abnormalities were noted in a low-dosed group with a mean hepatic zinc concentration of 148
fhg/g dry wt.
CONCLUSIONS
Results of this study indicate that raccoons from Lake DePue had greater exposure to cadmium, lead,
mercury, selenium, and zinc than specimens from one or more of the reference sites. However, exposure
to elevated concentrations of cadmium, mercury, and selenium may represent the background condition
for raccoons occupying the floodplain of the upper Illinois River. Tissue concentrations were either
lower than critical concentrations suggested for mammals, or, if above published thresholds, were
deemed too low for raccoons, a species considered relatively resistant to the effects of contaminants.
The estimated tissue concentrations for mink/river otter suggested that these species using Lake DePue
were not at risk ofheavy metal intoxication, although the importance of the calculated values for
cadmium and zinc are not known. Although raccoons -from Lake DePue were differentiated from the
reference sites on the basis of certain clinical parameters, we did not detect health effects which in
combination would be considered consistent with the effects of exposure to heavy metals or other
elements. Raccoons, and ostensibly mink and river otters, utilizing Lake DePue and environs do not
appear to be at risk from the effects of exposure and accumulation of elevated levels of environmental
concentrations.
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